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Abstract 
In this article authors propose a mathematical model for the evaluation of one of the fundamental dimension of building’s 
sustainability: the social performance of the building. Among the social aspects, according to PN-EN 16309+A1:2014-12 - 
Sustainability of construction works – Assessment of social performance of buildings – Calculation methodology, the following 
utility properties were distinguished: accessibility, adaptability, health and comfort, impacts on the neighborhood, maintenance, 
and safety and security. In order to evaluate the considered aspects, the authors apply reference points (classes) for the examined 
social utility properties. The levels of study classes of properties are determined under the national standards, as well as the results 
of surveys conducted among experts. Authors present the proposal of methods for quantifying measurable and immeasurable 
characteristics and the rules: for computing the aggregating indicators of the social performance of the building.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction 
Civil engineering occupies an important place in the actions aimed at pursuing the sustainable development. The 
construction sector is a fundamental area of activity in the economies of many countries, including the European 
Union. In the countries of the European community, civil engineering generates about 10% of GDP and employs 7% 
of the workforce. Unfortunately, each construction, building object and its operations negatively affect the 
environment. The construction sector with the currently applied technologies of construction tasks and methods of 
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their exploitation is a major threat to the environment, consuming more than 40% of the energy production, approx. 
50% of manufactured materials [1, 8]. 
The above data shows how the civil engineering occupies an important position in achieving the objectives of the 
sustainable development. Sustainable construction has been indicated by the European Commission in the „Lead 
Market Initiative for Europe” [2] as one of the six markets with innovative potential, conducive competitiveness and 
ability to create new work places in the European economy. The development of contemporary civil engineering 
should be characterized by introducing innovative technologies and modern solutions, which will connect the 
beneficial economic effects with the care for health and comfort of users. The aim is to improve the energy efficiency 
of construction in particular residential buildings and public buildings. Standard ISO 15392 Sustainability in building 
construction – General principles [2] distinguishes three aspects of sustainable construction: the environmental aspect, 
the social aspect and the economic aspect. The Figure 1 illustrates the aspects of the sustainable construction with their 
brief characteristics. 
 
ECONOMIC 
ASPECT
ENVIRONMENT 
ASPECT
  SOCIAL 
ASPECT
Accessibility
Adaptability
Health and comfort
Impact on the neighbourhood 
Maintenance and maintainability
Safety and security 
Energetic efficiency
Utilization of raw materials
Emissions to water / air / soil
The local / global environmental impact 
Manufacturing cost
Operating cost  
Profit
Value
 
Fig. 1. Aspects of sustainable construction. 
In this article, the authors focus on the social aspect of the sustainable construction. Considerations have been 
limited to the residential buildings. Seeing that a man spends about 80% of life in his apartment, this aspect acquires 
a particular importance. It should be noted that the social aspect rarely occurs in the publications of the sustainable 
building. More space is significantly devoted to the environmental and the economic aspects [3]. The authors present, 
quite accurately, the area of issues occurring in the residential buildings, which relate to the social aspect of the 
sustainable construction. The paper also contains a proposition of the method of assessing the building in the social 
aspect of the sustainable construction. 
2. Characteristics of social aspect of sustainable building 
Social characteristics of sustainable construction are assessed on the basis of the requirements categorized in six 
groups [6, 7]: 
1. Accessibility – A1, 
2. Adaptability – A2,  
3. Health and comfort– A3,  
4. Impact on the neighborhood – A4, 
5. Maintenance and maintainability – A5, 
6. Safety and security– A6, 
In order to make a fully evaluation, the individual groups were separated in additional two levels: Aki subgroups, 
particularizing the scope of groups and criteria Akij characterizing subgroups. Fulfilled assessment according to the 
criteria shows us the capacity of the object to meet the needs and expectations of users. An exemplary structure of the 
required two groups A1 and A3 is shown in Table 1. 
767 Aleksandra Radziejowska and Zygmunt Orłowski /  Procedia Engineering  161 ( 2016 )  765 – 770 
Table 1. The description of two groups of requirements included in the process of assessing the social aspect of the residential building in the phase 
of their exploitation [7]. 
A1
A
C
C
E
SS
IB
IL
IT
Y
 
A11
Accessibility to building 
facilities for people with 
additional needs * 
A111 Approach to the building 
A112 Entrance to and movement inside the building 
A12 Access to building services  
A121
The provision and operability of sanitary facilities (percentage of total provision, 
minimum width of cubicles, manoeuvring space, provision of appropriate facilities 
for people with additional needs) 
A122
The provision and ease of operation of switches and control systems (e.g. heating, 
lighting, blind) 
A123
The accessibility for people with additional needs of electronically or mechanically 
operated systems (e.g.  ATMs, etc.) 
A124
The provision of communication systems in the building (e.g. telephones, 
information systems, etc.) 
A3
H
E
A
L
T
H
 A
N
D
 C
O
M
FO
R
T
 
A31 Thermal characteristics  
A311 Controllability of temperature at a building level 
A312 Controllability of temperature in individual rooms 
A313 Controllability of humidity at a building level 
A314 Controllability of humidity in individual rooms 
A315 Controllability of air velocity  
A32
Characteristics of indoor air 
quality  
A321 Assessment of concentrations of substances (used in construction and decorating materials) 
A322 Concentration of Carbon Dioxide (CO2) 
A323 Assessment of radiation from Radon 
A324 The risk of mould growth 
A33 Acoustic characteristics  
A331 Sound insulation against impact and airborne from inside of the building 
A332 Sound insulation against sound coming from the neighbourhood buildings 
A333
Sound insulation against impact and airborne from outside the building (traffic, 
airplanes, wind power plant, etc.) 
A34
Characteristics of visual 
comfort  
A341 Artificial light (the light level) 
A342 Daylight contribution 
A343 Visual connection with the outside world 
A35
Spatial characteristics 
(determined on the basis of 
the assessment indicators) 
A351 Number and floor area of all rooms 
A352 Number and floor area of toilets, bathrooms, kitchen  
A353 Floor to ceiling height 
A354 Number and area (length, width, height) of connecting space (halls, landings, foyers)
A355 Space for storage of waste prior its removal 
 
3. Proposition of the method for assessing the social aspect of the building 
Defining assessment of social characteristics of the building requires the identification of the base arrangements, 
which include: 
ņ defining of standards classes (reference levels) in the assessed groups of requirements, 
ņ formulating procedures and assessment methods for buildings in the range of groups of requirements, 
ņ formulating a method for evaluating the measurable and immeasurable characteristics  
ņ developing a method of quantification of these assessments. 
Standards [5, 6, 7] for social characteristics of the building describe the principles and requirements for their general 
assessment. These standards do not set the rules how the building assessment schemes may provide valuation methods. 
Nor do they prescribe levels, classes or benchmarks of performance in the social requirements. Valuation methods, 
levels, classes or benchmarks of assessing buildings and reference objects should be created in the individual countries 
separately [7]. It should include the existing standards and regulations in the countries, climate zones, predicted 
climate change, environment, economic situation and multiculturalism of society [4]. During the elaboration of the 
class of standards in the assessed requirements groups, the authors have used among others: 
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ņ national standards and regulations for technical conditions that should be met by buildings, 
ņ experts research, 
ņ direct survey of users, 
ņ in situ studies using the diagnostic equipment. 
In the proposed method, both quantitative and qualitative characteristics will be assessed [9]. Qualitative 
characteristics should be processed into quantitative form by applying the appropriate mathematical tools for fuzzy 
logic examples. Then, all values are converted to the dimensionless quantity by known coding algorithms that allow 
to compare the characteristics originally occurring in various physical measures.  
Providing a method for quantification of ratings requires the determination of the weights in each level evaluations 
of the requirements groups - starting from the weights of the criteria. The final characteristics of the social aspect of 
the building is expressed as a scalar function by weights introduction.  
Assessment of the social properties of the residential building can be saved overall in the form of a matrix block: 
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In the matrix, each submatrix block characterizes one of six groups of the requirements shows in Chapter 2. 
Sub-groups and characteristics assessments are included in evaluation matrices (3) and weights matrices (4).  Below 
are given examples of matrices for the group A1, together with their associated weights of matrices. 
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where:  
769 Aleksandra Radziejowska and Zygmunt Orłowski /  Procedia Engineering  161 ( 2016 )  765 – 770 
o
k
ij
a group of requirements
k = 1, …, 6
subgroups characterized 
particular group requirements 
i = 1, …, mk
feature describes the selected subgroup  
j = 1, …, ni
 
Fig. 2. Explanatory schema [own work]. 
In the present assessment, it is proposed to use the summation index revised (5), through which a scalar function 
can be easily formulated, allowing the obtained result to be subjected to unambiguous interpretation.  
 
¦
 
 
6
1
)(
k
kk
cC LOtO J                      (5)  
 
where:  ௖ܱ௞ ൌ ሾܱଵǡڮܱ௞ሿ– assessment of the social utility properties of k requirements groups (k = 1, …, 6) in time 
tȖ,  ܮ௞ ൌ ሾܮଵǡڮܮ௞ሿ்– weight of k groups (weights in the integration criterion express the share of the particular groups 
of requirements integrated in the overall assessment) 
Vector ௖ܱ௞ ൌ ሾܱଵǡڮܱ௞ሿ , which is a vector of the assessment for six groups of requirements, was calculated 
according to (6) 
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where:  ௜ܱ௞ ൌ ൣ ଵܱ௞ǡڮ ǡ ܱ௠ೖ௞ ൧ - vector of assessment for each subgroup, ߣ௜
௞ ൌ  ൣߣଵ௞ǡڮ ǡ ߣ௠ೖ
௞ ൧
் - assigned weight vector. 
Whereas every of the vectors of subgroups assessments  ௜ܱ௞ is calculated by scalar multiplying of the characteristics 
vectors by the weight vectors assigned to them (7) 
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where:  ݋௜௝௞ ൌ ൣ݋௜ଵ௞ ǡڮ ǡ ݋௜௡೔
௞ ൧- vector of assessed characteristics of subgroups and ߣ௜௝௞ ൌ  ൣߣ௜ଵ௞ ǡڮ ǡ ߣ௜௡೔
௞ ൧
்  - vector of weights 
for the characteristics are taken into account in the assessment. 
4. Conclusions 
Assessment of the social utility properties of residential buildings requires from the evaluator a wide knowledge of 
different areas of the field of construction. In the case of the operated residential buildings, it is recommended for the 
evaluators to have an extensive experience; it is reasonable to analyse all aspects of the applied technical and functional 
solutions and to take into account the long history of the building. The presented method provides the owners and 
administrators of residential buildings a verifiable set of criteria enabling the assessment and documentation of the 
actual condition of the social properties of a building as well as the documentation of the undertaken pro-social 
procedures. This method allows the comparison of the various buildings and enables the application of the selected 
criteria to search for the optimal, pro-social, technical and functional solutions of building. It also enables to identify 
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the trends improving the comfort of using the building throughout its life cycle. Model for assessing, the social utility 
properties of a building, presented in the article, concerns one of the fundamental aspects that should be taken into 
account in order to evaluate the sustainability of residential buildings. 
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